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384a Tuesday, February 10, 2014Halobacterium Salinarum, has been studied by multidisciplinary approaches
to reveal the molecular machinery of proton transfer and photocycle. For
example, in order to study the functionally related structural change in M-state
intermediate, different media with a high pH value have been used to extend the
lifetime of M state. However, not much attention have been paid to the confor-
mational changes that occur in the ground state, especially around the retinal
binding pocket, due to local environment.
Here, the conformation changes to the bR ground state, especially around the
retinal binding pocket, have been studied by solid-state NMR through chemical
shifts and torsion angle measurements, combined with the light-induced kinetic
and UV spectroscopies. All the experimental results have been discussed in the
context ofX-ray crystal structures, and possiblemechanisms have been proposed.
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What drivesmembraneproteins to foldandoligomerize in lipid bilayers?Onepos-
sibility is that protein-protein interactions stabilize the assembled state. In mem-
brane proteins, interfaces are typically lined by non-polar residues offering
weakvanderWaals interactions (VDW), yet a large network of thesemight confer
strong stability. To investigate the role of side-chainVDW interactions on the free
energy of membrane protein complex formation, we have made a library of mu-
tations on the dimerization interface of the CLC-ec1 Cl-/Hþ antiporter - a model
system that we have developed to measure equilibrium dimerization in lipid bila-
yers. The interface is comprised of four alpha-helices lined by non-polar residues:
I - F219, I220, I223, I227; H - L194, I197, I198, I201; P - L406, I409, I410, L413;
Q - I422A, L423A, I426A, I430A, I434A. We systematically mutated each helix
surface to alanine (all-ALA), stripping the interface of its VDW interactions. In all
cases the protein expresses, is stable and upon reconstitution inmembranes, shows
Cl- transport activity comparable to wild-type CLC-ec1. We ran gel-filtration
chromatography over the course of one week to screen the stoichiometry of the
protein in detergent. All-ALA helix I, P & Q are stable dimers, however all-
ALA helix H showed shifts to monomer directly after purification. Furthermore,
single-mutant L194A was sufficient to shift the protein to a monomer-dimer
mixture. Because helix H interacts with helix P, and all-ALA helix P is still
dimeric, these results suggest that dimer stability cannot be explained byVDWin-
teractions alone, at least in detergent. We are currently measuring the change in
free energy of CLC-ec1 dimerization with these subtractive mutations to quantify
the role of VDW interactions in membrane protein assembly.
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The sarco-endoplasmic reticulum Ca2þ-ATPase (SERCA) is a transmembrane
pump that, upon ATP hydrolysis, pumps Ca2þ against a concentration gradient
from the cytosol to the sarco- or endoplasmic reticulum, thus terminating
muscle contraction and priming the cell for the next excitation-contraction
stimulus1. SERCA function in skeletal muscle cells is regulated by sarcolipin2,3
(SLN), a 31 amino acid transmembrane peptide that inhibits SERCA by
lowering its apparent Ca2þ affinity. By combining solid-state NMR and
cross-linking experiments, we characterized the structure of the SERCA/SLN
complex in its natural membrane environment in both Ca2-E1:ATP and Hn-
E2:ATP states of the catalytic cycle. In this work, we employ molecular
dynamics computer simulations to investigate SERCA’s mechanism of regula-
tion by mapping the effects of SLN binding on SERCA’s free energy land-
scape, sub-microsecond structural dynamics, and allosteric coupling between
the transmembrane and cytoplasmic domains. Our calculations indicate that
upon binding to SERCA, SLN increases its average tilt angle with respect
the unbound state. The interaction between the two proteins results in a shift
of the free energy basin of SERCA and in an altered coupling between its trans-
membrane and cytoplasmic domains, which may be responsible for the reduced
activity of SERCA in its SLN-bound state.
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Lipoproteins such as very-low-density lipoprotein (VLDL), low-density lipo-
protein (LDL), and high-density lipoprotein (HDL) are key players for choles-
terol transport and fundamental to understanding the mechanisms of heart
disease. Apolipoproteins bind to lipoproteins and their quantity and location
have been proposed to be more significant indicators of heart disease than levels
of good (HDL) or bad (LDL) cholesterol. We are developing a general experi-
mental framework to study the interaction of apolipoproteins with individual li-
poproteins in vitro. Specifically, we are studying apolipoproteinC-III (ApoCIII),
which inhibits the breakdown of triglyceride-rich VLDL and is correlated with
hypertriglyceridemia and atherosclerosis. To measure the quantity of ApoCIII
on lipoproteins, we created a two-color system by labeling lipoproteins and
ApoCIII with different fluorophores. Colocalization measurements were con-
ducted via wide-field fluorescence microscopy using chambers with thickness
of less than 1 mm.Lipoproteins andApoCIII diffuse freely and are tracked simul-
taneously, avoiding potential artifacts from the use of surface attachments.
ApoCIII binding on individual lipoproteins is quantified and exchange rates be-
tween free and bound are characterized. Of particular interest is to capture het-
erogeneous phenomena that are thought to occur in vivo, such as asymmetric
binding distributions, which cannot be easily identified in bulk experiments.
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NMDA receptors (NMDARs) are iGluR subfamilies that are activated during
synaptic transmission. The voltage dependence of NMDARs differentiates
them from other iGluRs: at typical neuronal resting voltages, NMDAR chan-
nels are mostly blocked by Mg2þ, but when membrane voltage is depolarized,
Mg2þ block is relieved, resulting in Ca2þ influx through NMDAR at postsyn-
aptic sites. The mechanisms, by which NMDARs select Ca2þ for permeation
over all other physiological ions, while binding Mg2þ and restricting its perme-
ation, are not well understood.
Recently, partially resolved medium-resolution structures of an NMDAR
tetramer were published. The structures tremendously improve our knowledge
and understanding of the architecture and design of the NMDARs. Yet, one of
the key structural features, namely the ion selectivity filter and parts of the pore
region of the ion channel itself, are missing from these structures. This region of
the protein has not been resolved also in the earlier high-resolution structure of
an AMPAR, a closely related iGluR family member.
Previously a successful homology model of the NMDAR TMD using one of the
potassium channel family members, NaK channel as a template, was shown to
have good agreements with available experimental data [Siegler et. al., Nat
Neurosci 15: 406–13]. Given recently released NMDAR structures and our pre-
viously developed homology model, we are now in position to propose a high
resolution NMDAR TMD model that is based on a hybrid structure. We per-
formed extensive molecular dynamics (MD) and targeted MD simulations of
our NMDAR TMD domain model in lipid bilayer and water. We demonstrate
that our proposed structure is stable in simulations and has a well-formed bind-
ing site for Mg2þ and Ca2þ.
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Ionic liquid(IL) is a salt in the liquid state below 100C and have been consid-
ered as eco-friendly solvent that can replace organic solvent due to their unique
Tuesday, February 10, 2014 385aproperties; non-volatility and non-explosiveness. However, the safety of ILs in
aquatic environment has not been fully assessed. In this work, we investigated
the effects of ILs on ion channels when they are incorporated into a lipid
bilayer. We chose gramicidin A (gA) as our model protein that selectively per-
meates cations. The ion permeability of gA varies depending on the type of ILs.
In order to measure channel activities of gAs, we used two methods; fluores-
cence assay utilizing using stop-flow spectrometer and measurement of ion cur-
rents across lipid bilayers using a patch clamp instrument. Furthermore, we
revealed that alkyl chain length of ILs and ion strength of buffer play important
roles in ion permeability and confirmed how electrostatic effects due to charges
on the membrane surface changed depending on ion strength of buffer using
MD simulation. As a result, we should be able to design safer ILs by taking
our results into account.
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Lung surfactants (LS), a complex mixture of lipids and proteins present in the
alveolar lining of lungs, help in lowering surface tension to near zero at expi-
ration. Deficiency of this surfactant can lead to Neonatal Respiratory Distress
Syndrome in infants, while a dysfunction of LS can cause Acute Respiratory
Distress Syndrome (ARDS) that affects patients irrespective of age. Successful
medical intervention such as surfactant replacement therapy (SRT) requires a
good understanding of surfactant composition and function. Currently there
is no consensus on the composition of LS used in SRT, particularly the inter-
actions between components making up this mixture. Our objective was to
understand the interaction of cholesterol (a component whose role and even
presence in SRT is highly debated) and MiniB (a synthetic protein mimic of
native surfactant protein SP-B) at air-water interface. We report the alteration
in lipid domain formation of films containing 1,2-dipalmitoyl- sn- glycero- 3-
phosphocholine (DPPC): 1- palmitoyl- 2- oleoyl- sn- glycero- 3- phosphatidyl-
glycerol (POPG) in the ratio 7:3 under the influence of varying concentrations
of MiniB and cholesterol. Fluorescence imaging under constant compression,
along with analysis of domain size distributions, reveals that MiniB increases
line tension between lipid domains, and prefers to stay in fluid POPG regions,
making the liquid-ordered domains smaller in size. Small amounts of choles-
terol prefer packed domains, stretching them into spirals during the process,
lowering their line tension. In both cases, higher concentration yields more
prominent consequences in terms of the stated changes. However, mixture con-
taining both cholesterol and MiniB shows reduction in domain size with no
changes in domain shape. This suggests the dominance of MiniB over choles-
terol when interacting with lipid domains, which may have important effects on
the performance of synthetic LS.
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Noncovalent complexation of plasmid DNA (pDNA) using cell penetrating
peptides (CPPs) has been less explored due to the relatively large complex
size formed and the low-level gene expression. Here, condensing synthetic
CPP polyplexes using CaCl2 produced small and stable complexes, which
show higher level of in vitro gene expression. Anionic (i.e., POPS and
POPG) or zwitterion (i.e., POPC) phospholipid monolayers at the air-water
interface are used as model cell membranes to monitor the membrane insertion
potential of synthetic CPPs. The insertion potential of complexes having
different cationic (dTAT, H9, K9, R9, and RH9) and amphiphilic (RA9,
RL9, and RW9) peptides were recorded using a Langmuir monolayer approach
that records complexes adsorption to model membranes. Further, to mimic the
pH of early endosome and late endosome and lysosome, phospholipid complex
interactions were recorded at normal (pH 7.4) and low (pH 4.4) pH. All the
complexes studied induced disruptions in phospholipid packing, which were
most pronounced for the complexes having amphiphilic CPPs (i.e., RW9 and
RL9). Particularly, the surface pressure of the complexes was significantly
lower at normal pH when compared to acidic pH in the presence of POPC
and POPS monolayers, except for RL9 and RW9 complexes. In contrast, the
surface pressure of the complexes was significantly higher at normal pHwhen compared to acidic pH in the presence of POPG monolayer. Since the
late endosomes contain an abundance of PC lipids and low pH, these results
may be highly relevant to understand the efficiency of endosomal escape of
these complexes.
Intrinsically Disordered Proteins (IDP) and
Aggregates III
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Synaptically released Zn and Cu can reach high mM concentrations during
neurotransmission. It is thought that multiple copper ions could bind to Ab
monomer and mixed Zn/Cu coordinated Ab complexes may form. This could
impact the Cu coordination to Ab, and therefore may be of relevance to Ab
oligomerization and toxicity in the synapse. We investigated the kinetics of
multiple Cu and mixed Zn/Cu binding to Ab. We found that the second order
association rate constants are on the order of 108 M1s1 and 105 M1s1,
for the first and second Cu binding to Ab, and 103 M1s1 for Zn binding
to Ab-Cu complex, respectively. Given that the metal ion concentration de-
creases by more than three orders of magnitude within 1 ms, based on our
simulation of metal ion release from synaptic vesicle to the cleft, we
conclude that only the first Cu binding would be of significance. Our study
implies that although Zn could substantially perturb Cu coordination in
Ab, it has a negligible effect on the Ab-Cu complex in the synapse, due to
its slow association.
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Huntingtin aggregate morphology and kinetics are modulated by the presence
of two flanking sequences: a seventeen-residue a-helix (Nt17) which lies N-ter-
minal to the amyloidogenic polyglutamine region; and a polyproline PPII helix
that is C-terminal to the polyglutamine region. Nt17 is responsible for aggre-
gate nucleation, and as such, represents an intriguing target for gaining struc-
tural insight into the early stages of N-terminal huntingtin aggregation. This
study examined the secondary, tertiary, and quaternary arrangement of Nt17 us-
ing ion mobility-mass spectrometry (IMS-MS) coupled with condensed-phase
covalent modification and gas-phase isotopic labeling. Monomeric Nt17 adop-
ted two gas-phase conformations, which were derived from solution structures.
These structures ranged from compact globular to elongated helical. Nt17 mul-
timers followed the same pattern, again adopting structures varying from non-
specific globule to bundled helix. Species ranging from the monomer up to the
pentamer were observed. Covalent modification studies reveal threonine-3 and
lysine-6 are solvent-exposed in the multimeric form. Additionally, polyproline,
in a PPII helix conformation, was incubated with Nt17. Gas-phase isotopic la-
beling studies (hydrogen-deuterium exchange, HDX) on the two non-covalent
complexes revealed nearly the same amount of deuterium uptake per Nt17
monomer in the complex, which suggests the same binding face is involved
in Nt17 multimer and Nt17-Polyproline interactions. These results provide
structural insight into Nt17 multimerization, and thus, the early stages of N-ter-
minal huntingtin aggregation.
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In Huntington’s disease (HD) and several related disorders, the primary genetic
cause is the expansion of a CAG repeat in a disease-specific gene. In HD the
resulting expanded polyglutamine (polyQ) segment occurs near the huntingtin
protein’s N-terminus. The disease appears to reflect a gain of toxicity, with the
toxic species involving a misfolded form of the mutant protein. However, the
molecular details of the misfolded state remain unknown. In vivo studies
have noted the presence of amyloid-like aggregates that are formed from
